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Article abstract-Functional MRI was performed in two acute stroke patients and six control subjects performing unilateral and bilateral repetitive gripping tasks. Patients were tested at three time points during recovery. Initially, bilateral movement enhanced activation in the primary motor cortex (M1) of the affected hemisphere compared with unilateral paretic hand movement. With recovery, activation of M1 in the affected hemisphere did not differ between unilateral paretic hand and bilateral movement. These preliminary data may have potential implications for acute stroke motor rehabilitation. NEUROLOGY 2001; 56:401-404 W.R. Staines, PhD; W.E. McIlroy, PhD; S.J. Graham, PhD; and S.E. Black, MD Hemiparesis is the most common disability after stroke, affecting Ϸ80% of patients acutely and Ͼ40% chronically. 1 Although hemiparesis remains a major deficit in patients with chronic stroke, its resolution in Ϸ40% of patients illustrates the potential for functional recovery. However, the processes subserving motor recovery after stroke are incompletely understood. We report preliminary data from a longitudinal investigation of motor recovery from acute stroke. Functional MRI (fMRI) was performed during repetitive gripping tasks with the left hand, the right hand, and both hands simultaneously. We hypothesized that functional recovery would be correlated with adaptive changes of cortical activation patterns over time. Results have been presented partially in abstract form. Patients and methods. Two acute stroke patients and six control subjects (three men, three women; two age matched at 49 and 55 years, four young adults at 22 to 30 years) gave their informed consent to participate in the study. Experimental procedures were approved by the Sunnybrook and Women's College Health Sciences Center Institutional Review Board.
Patient 1, a 51-year-old man, experienced a large ischemic stroke in the right middle cerebral artery territory affecting primarily the prefrontal regions and sparing the primary motor and somatosensory cortices (M1/S1). Initially hemiparetic on the left side, he was capable of generating modest grip forces by 2 weeks (time of first fMRI). Patient 2, a 66-year-old man, experienced a hemorrhagic stroke involving a small portion of the right M1 and premotor cortex. At 9 days (first fMRI), he had weakness in the proximal left upper extremity with the hand relatively unaffected. He made a very good recovery over a short period of time, reaching normal clinical motor function by 28 days after stroke. Figure 1 shows the extent of the lesion in both patients.
Testing consisted of behavioral assessments using standard clinical measures and a comprehensive sensorimotor battery performed at each visit (summarized in the table), and fMRI, in which both patients and normal control subjects performed repetitive gripping tasks with light force at a rate of 0.5 Hz with the left hand, the right hand, and both hands simultaneously. Patients were tested at multiple times during the recovery process: within 2 weeks after stroke, after partial recovery of hand function (Patient 1: 3 months; Patient 2: 4 weeks), and after more complete recovery (Patient 1: 6 months; Patient 2: 3 months). During task performance, subjects held a rigid plastic cylinder enclosed by a force-sensitive resistor in each hand and applied isometric gripping force to the appropriate tube. Both patients were able to reproduce grip rate and force in unilateral and bilateral conditions within and across sessions. (Please access the Web site version of this article at www.neurology.org for supplemental figure 1.) The three task conditions were presented separately in random order during the acquisition of single-shot spiral fMRI images (echo time/repetition time/flip angle ϭ 40 ms/1,500 ms/80°; acquisition matrix ϭ 64 ϫ 64; field of view ϭ 20 cm). A block design was used with 30 seconds of gripping alternating with 30 seconds of rest for five repeats. (See Appendix 1 on Web site.)
In control subjects, unilateral repetitive gripping activated the contralateral M1/S1 and supplementary motor area (SMA). Bilateral movement activated the same regions with no significant volume differences (figure 2 on Web site). The 95% CI for the difference between bilateral and unilateral repetitive gripping tasks was (Ϫ3.0 Ϯ 7.0) for the number of activated voxels and (Ϫ0.025 Ϯ 0.045) for average correlation coefficients.
Longitudinal task-related cortical activations are shown for Patient 1 in figure 2 (top). At 2 weeks after stroke, right-hand gripping activated the contralateral M1/S1 and SMA. Left-hand gripping produced a small activation of the right M1/S1 and left SMA. Bilateral gripping significantly increased activation of M1/S1 in the right (strokeaffected) hemisphere. The difference in right M1/S1 activation between bilateral and unilateral movement ex-ceeded the upper band of the 95% CI for the control group in both the number of activated voxels (ϩ8) and the average correlation coefficients (ϩ0.06). At 3 months after stroke, left-hand gripping produced greater activation in right M1/S1 than at 2 weeks after stroke. Bilateral movement no longer enhanced activation within the stroke-affected hemisphere. At 6 months after stroke, both right-and left-hand gripping produced significant activations in the M1/S1. However, left-hand gripping continued to activate the left SMA preferentially over the right SMA. Similarly, bilateral movement activated both the left and the right M1/S1 but only the left SMA. Figure 2 also illustrates data from Patient 2 during performance of the identical tasks. At 9 days after stroke, right-hand gripping activated the left M1/S1 and SMA. Left-hand gripping activated only the contralateral SMA and not M1/S1. Bilateral gripping significantly activated both the right and the left M1/S1 and SMA. The difference in right M1/S1 activation between bilateral and unilateral movement was even more pronounced than in Patient 1, far exceeding the upper band of the 95% CI for the control group in both the number of activated voxels (ϩ40) and the average correlation coefficients (ϩ0.10). By 4 weeks after stroke, left-hand gripping now activated the right M1/S1 and predominately the left SMA. Bilateral movement activated the same areas to approximately the same extent as during unilateral gripping. This pattern of task-related activation persisted at 3 months after stroke.
Discussion. The current study illustrates a possible outcome of brain reorganization during motor re- covery from acute stroke. Simultaneous bilateral motor activities enhanced activation of the strokeaffected hemisphere during early stages of stroke recovery (within 2 weeks). As recovery progressed, this pattern no longer persisted, not because of decreased activation with bilateral movement but because of increased activation associated with movement of the paretic hand. One possible interpretation is that this may reflect influences arising from the nonaffected hemisphere to assist in recovery of the contralesional limb early during recovery. 3 Cortical disinhibition in the affected hemisphere of acute stroke patients, reflecting an impairment of GABAergic inhibitory interneurons, has been shown to be associated with rapidly recovering motor functions. 4 Similarly, the mechanism for increased activation in the stroke-affected hemisphere with bilateral movement may involve interhemispheric facilitation via intercallosal connections between the primary motor cortices or SMA. 5 Thus, it may be possible that modulation of inhibitory interneuronal networks in the stroke-affected hemisphere contributes to the facilitation within the affected hemisphere observed with bilateral movement.
A major concern in interpreting longitudinal fMRI activations is determining whether the subject performed equivalent movements in each case. This is very important because both movement rate 6 and force 7 affect fMRI activations. Neither the absolute force applied to the tubes nor the rate of contraction differed across tasks either within or between scanning sessions. The observed task-related changes in cortical activation have potential importance in sensorimotor rehabilitation, suggesting that bilateral motor performance may enhance recovery during acute stroke recovery from hemiparesis. Consistent with this interpretation is a report of 12 patients recovering from stroke trained in three separate bilateral motor tasks. 8 After training, unilateral performance tests demonstrated a significant clinical improvement in motor function of the paretic limb specific to the trained movement. 8 Such a strategy of training bilateral movements during the acute stage may complement the "forced use" of the paretic limb approach to poststroke motor rehabilitation. There are compelling data to indicate that the force-used paradigm is specifically effective in further improving recovery in chronic stroke patients, 9 but the question remains of whether such an approach will be effective in the acute stages of recovery. This is important as neurophysiologic recovery often begins very early (1 to 2 weeks) and the rate slows considerably by 2 and 3 months after stroke, depending on the specific deficits. 10 
